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I>escript!on Of the invention: 

Two new chemical methods for Drenarartn^ ■ 
havebeendeveloped '^^"^ "'^^^^^^ "hydroxyl-nanotubes" 

Technical des<»1pfion 

Two simple and inexpensive methods for m«n««.« r 

. ^--^.p^^o^ ..^^^^^^^'-^'^^^ 
with UOH. In the second melhod. ft. '^^ *<>b and triols, pre-treated 

».«bm.y in etaoi. ^ unproved 

<»»m.c«weU„fi,rcon^bffi,5,^fl,bio.s,aems. ^^"^ 

Tl» de«Iopedm«hods for preparation of ■•MroxW-nb.otah^ • . 

-.e^. Po^ntia, _ „f •Vdro^.-LThTaT^ T "^'"^ 

c««.ics.Mo.^.en«.andaaaa^n.,„^^:;2ir 

Noatanar„e«».dafi„«„^„,^^^^^^^^^ . 



Variations 



Possible modifications may invilove ««« i. . 
fimctionalitiestothesidewaJlsofLrK °' ""^^ *«»^te<i 

waUedanddonbl^wal^lIlUr^^^^ ^ ^^'^^^^'^^ ^^^^^ - 
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Detailed technical description: 



such „ fto« " ^ ' "^-^ 

containing tenntoal hydroxy! moiea«. lta«i<m.I«=d mth o^garic groups 

By fellowmg (he first moaod. we reacted a s«ri,« „f H- , . . 
"0H.™ththefta™n..„^(,„3,J^ -"'^ ■"-'^ 



0H(caa2).oH+LiOH S2!^ _ ; 

30niii OH(CH2)^,0Li*-H2O 

OH(CH2)„OU+CF],^WNT JSSSS? rOWCB ^ ni c^v™ 

eOmi. l""l™2)n01,-SWNT+LiF 



n=2.3,4 
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Rice Tech ID No. 24007 



Khabaskesku et al. 



OHCH2CHOHCH20H+LiOH 



[F]x-SWNT 

■ ' ^ 

Soiiicatioii/6Qiiiin 



5* 



OHCHjCHOHCHjOLi+HjO 

Sonication 
30imn 

0HCH2CHCH2OH+H20 

ou 



■SWNT IOCH2CHOHCH2OHL+UF 



OHCH2CHOH-(CH2)nCH3+LiOH ^fS^**™ 



CH3(CH2)„-CHOHCH20Li+H20 



[F|x-SWNT . 

!~ ^ 

SonicatimiASQnun 



OHCH2CH(CH2)„CH3 +H2O 
OU 



-SWNT tOCH2CHOH(CH2X,CH3ly+UF 



1^0,1 



We have studied ethjiene glycol, l,3-p«,panedioI, 1 4- butanediol 15 
butanediolandglycerolintheseexperiments. ' 

the presence of pjrtdme as the catalyst (see scheme). 

OH(CH2)„NH2+[F],.SWNT [OHfCH ^ KHi «.«n.rr 

n=2,3 



Rice University - Invention Disclosure 



Page 3 of 6 



BEST AVAIUBLE COPY 
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mm ■„ <«ler ,o aotaeve complete disp«.ion of fl,c fl«,„,™.«„B., uoH ISO^Tj^ 
sonicated sap^ately in Itoi oftt„„an»di.l,r«olftr30„,-, 7" . ^ 

.. ^ ""''"'"'"""•onler to dissolve coniDlotelv 

snd produce enough hydroxy! teaninated RO" etouos After ^ 

Joincdtogea,era„dmenuxh„.<^S„° "T^-,^ """^ '^'^ 

..«po„siz.Coi,,^Z^ ? 

water to assure complete temoval of LiOH UP ma v . 

black«tcolored iitas were peewlr ^' 

•C Tl„ n^^T o^^-Sh' vac»un oven a. 70 

lie prepared samples have keen characterized by ATR FITO o 
Accoiding to (he TGA ^ ^ '*™-™' »<> TOA analysis. 

TGA, ae degree Of sidewaU iUnctionaUzation achieved tor the l»drox^ 
""tol^ was Itttniproxiinately 8 cartons. "» iflraroxja 

• min ^STf^^ '^"'"""'^-''''■'^■^"^'"-ica.edinaonuamino.fcoholtors 
. snrrea at 80-90 «»C under nitrogen puree for 31ir Th£»nA»«.«^- . 

1 • "®°™®'®®**<>n mixture was filtered thmiioi, o 

iz: Of efT !:! 

Maoked^lored filres were peeled off the n»nb™e and dried ov«nigh. in vacuum oven a.^ 
C.n.p«^sarepte,^^„,_^^^^^^^_^^^^-70 

The "hydroxyl-nanotubes" prepared using these methn^c i, • 
c«^I.chlorotonn.a«.oth„,po,arlents. -P-ed sotahUity in 



Grant or Contract Number: 

Welch Foundation of Texas Grant C-0109- Texas Hiah^r *• ^ 
CSran.003604^2001. ""'^"^S^^***'^ Coordinating Beam, AW 
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Rice Tech©No. 24007 Khabasheskuetal. 
Claims 

What is claimed: 

1. A method comprising: 

.) '«-*8''^«.HO(CH.).OH.^UOH..^eHHO(CH,>.OU;»d 
I>) teacttng HO(CHAOU with BuodMted starie-w^, 

WChI;^^ ^ '■^^ n«.i«i^ 

2. The method of Claim 1 wh«-/.;« « - o ^ ^ 

v^iaim i, wherem n = 2^4, or combinations thereof. 

5. The method of Claims 1-3. or 4 wh««« • . 

6. A method comprising: 

a) selecting a plurality of fluorinatedsinele-waiinowk 

a ea smgle-waU caibon nanotubes. [FI^SWNT; and 

b) reacting said fluorinated single-wall carW r. 

HOfCHVTOw • nanotubes with an amino alcohoL 

HO(CH.X,l«,,.thepresenceofpyridinetoyield[HO(CH.)„NHV^^ ^ 

7. ^-«-«ho<iofCIaim6,whereinn^2^.orcombinationsthereof 
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10. The method of Claims 6-8 or 9 wherem i » . 

. . , ' smgle-wall carbon nanotubes fiinctionaUzed with 

hydroxyl termmated moieties, [HOrcai[,>„NHl SWMt i. • ^eawitd 

l"^l^^MH]x-SWNT, show iii^ioved solubility in polar 

soIventsrelativetoui^ctionalizedsingle-waUcarboniianotube^^ 



HOUSTON^|\664795Vl 
11321-P073V] 07/28/2003 
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